In the Orthopedic University Hospital of Heidelberg (section Orthopedics II, treatment and rehabilitation of paraplegics), 21 patients with iatrogenic paraplegia were treated between 1968 and 1991. Paraplegia occurred in nine cases after procedures close to the spinal cord. In 12 cases paraplegia complicated medical treatment. Procedures close to the spinal cord, such as laminectomy, vertebrotomy, spondylodesis, and peridural anaesthesia, involve the risk of mechanical damage to the spinal cord, the level of paraplegia depends on the area of treatment. Any previous damage to the spinal cord increases the risk of paraplegic complications. The main risks in procedures distant from the spinal cord, such as vascular surgery, angiography, radiotherapy, bronchial artery embolisation, and umbilical artery injection, are disturbances of the blood supply or toxic mechanisms. The ischaemic genesis of spinal cord damage is obvious in the case of vessel ligatures or cross-clamping of the aorta with resulting hypotonic discirculation. In radiomyelopathy as well, the damage to the spinal vessels outweighs the direct neuronal damage. Corresponding to the vascular cause, lesions are more likely to occur at the level of borderlines of blood supply in the middle thoracic cord or in the area of a non-anastomosed great radicular artery in the lumbar spinal cord. Knowledge of the consequences and side eects of medical treatment is imperative. Knowing about the risk of a paraplegic lesion, we need a strict indication for diagnostic and therapeutic interventions. Due to progress in science some of the reasons of iatrogenic paraplegia have become manageable. Especially in radiotherapy, vascular surgery and angiography the risk of neurological complications has been lowered.
Introduction
Paraplegia causes severe and in most cases lasting changes in the patient's life. Paraplegia can not only be linked with a disease or have traumatic causes, but it can also follow medical intervention. This paper describes cases of diagnostic and therapeutic interventions bearing the risk of paraplegia, and shows the pathomechanisms which underlie these lesions. We will discuss protective measures to minimise or eliminate this risk. Can a beginning spinal cord lesion be prevented and a restitution be reached by early recognition?
Methods
In the Orthopedic University Hospital of Heidelberg (section Orthopedics II, treatment and rehabilitation of paraplegics), 3006 paraplegics were clinically rehabilitated between 1968 and 1991. In 21 of these patients, a diagnosis of iatrogenic paraplegia was found. The incidence of iatrogenic paraplegia is 0.69% in this group of patients. The average age of the 14 male and 7 female patients is 34.4 years (neonate ± 70 years).
The evaluation was done retrospectively on the basis of the available paraplegologic ®ndings at the time of admission and during the course of the treatment in our clinic and on the basis of the medical and surgical reports of the referring hospitals.
Results
Tables Figure 1 shows a diagram of the 21 cases of iatrogenic paraplegia, arranged in groups according to the medical treatment performed. The most important data, like the diagnosis before the treatment, the patient's age, date and kind of intervention, are listed in Table 1 by serial numbers.
Case reports
Paraplegia after spinal surgery (n=8) Laminectomy/vertebrotomy (n=6) A decompressive intervention (laminectomy/hemilaminectomy) was performed in ®ve patients of this group.
Patient 1 showed a spastic paresis of both lower limbs caused by tuberculous spondylitis, which got worse after laminectomy of T4-8 and widening of the spinal canal.
In patient 2 sciatic pain on the right side with a paresis of the right ankle dorsi¯exors led to the diagnosis of a spinal arachnoiditis. Some years ago he had a fracture of several distal ribs and the second lumbar vertebra. After laminectomy of T9-12 a complete paraplegia resulted at the neurological level of T10.
Patient 3 showed a paresis of both legs and a spinal ataxia because of extended hyperostosis in an achondroplasia. Laminectomy of T5-9 led to complete paraplegia at the neurological level of T8.
Beginning paraplegia because of a herniated intervertebral disc in segment T10/11 was recognised in patient 4. After laminectomy and removal of the sequester he showed a complete paraplegia at the neurological level of T10.
Patient 5 suered from sciatic pain in the left leg because of a stenosis of the lateral recess. Exact preoperative neurological status was not available. After hemilaminectomy of the ®fth lumbar vertebra and neurolysis of the roots L4, L5 and S1 he showed a cauda equina syndrome with an are¯exic bladder.
In patient 6, who suered from tuberculous spondylitis with thoracic formation of a gibbus, a vertebrotomy with removal of the focus and blocking of the thoracic vertebral bodies 7 ± 9 with grafts of spongiose and bone chips was performed. The patient did not show any preoperative neurological failures. Postoperatively, he showed a complete paraplegia with neurological level T7.
Cases 1 ± 5 showed a preoperative neurological lesion which became signi®cantly worse immediately after the operation. Table 3 shows the preoperative neurological status and the postoperative neurological level, divided in sensory and motor level completed by the motor score of the Standard Neurological Classi®cation of spinal cord injury. 1 Exact pin prick and light touch scores were not obtainable because they were not documented in the charts.
Spondylodesis at scoliosis (n=2) One case of polio-scoliosis was instrumented with the Cotrel- 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21   m  m  f  m  m  m  f  f  f  m  m  m  m  m  m  f  f  m  f  m  m   20  36  44  49  66  28  36  22  39  70  27  69  7  57  30  5  39  15  16  57 neo. Dubousset (CD)-system, after ventral osteo-discectomy and halo-traction (case 7). At the parietal vertebra T8 and L2, the initial ®nding showed a scoliosis angle after Cobb of 1288 thoracal and 1308 lumbar. With halo-traction, an angle of 908 was reached. After performing the CD-instrumentation, the thoracic value was 518 and the lumbar value 528 after Cobb. In case report 8, the initial ®nding showed a rightconvex idiopathic scoliosis of 408 after Cobb with the parietal vertebra T9. In this case, after a halo-traction, the Spine-Fix-instrumentarium was used from T5 to L4.
The intraoperative wake up test represented the following problems. The test could not be done because of a motoric paralysis after poliomyelitis in patient 7, and in patient 8 the mobility of one of her legs could not be judged exactly. In case 8, a rapid regression of the symptoms followed the removal of the instrumentarium. In the other case, the complete paraplegia remained below segment T5.
Paraplegia after angiography (n=3) Two patients were paraplegic after a selective renal artery angiography. In patient 9 the contrast medium (8 ml Angiogra®n) was unintentionally injected under fluoroscopy into the lumbar artery situated next to the renal artery. In case 10 the paraplegia developed after a small amount of contrast medium had been injected into the lumbar artery, while searching the ostium of the right renal artery. The level of paraplegia was noted at T11 (case 9) and T12 (case 10).
Another patient (case 11) developed a high incomplete tetraplegia in the course of a carotid angiography with Conray 60 with an extended Paraplegia after bronchial artery embolization (n=1) In a 69-year-old patient (case 12), who had suered from hemoptysis for years, two sublobe arteries of the right lung were embolised with 1.5 ml of Ethibloc through a femoral catheter. Postoperatively, an incomplete anterior cord syndrome below segment T8 was diagnosed.
Paraplegia after aortic surgery (n=3) Three patients underwent aortic surgery. In case 13 a pair of thoracic segmental arteries was ligated at the correction of a coarctation of aorta. After the implementation of an aorto-profundal Dacron-bypass in a patient (case 14) suering from arterial occlusive disease of the iliac and femoral arteries, an incomplete cross-section below segment T11 was reported. Paraplegic symptoms below T7 complicated the resection and bypass of a suprarenal posttraumatic aortic aneurysm by means of a 24 mm Dacron-interposition (case 15).
Paraplegia after cardiac surgery (n=1) On a 5-year old female patient (case 16) a total correction of Fallot's tetralogy was performed under hypothermia and extracorporal circulation. Two hours after the surgery, a cardio-vascular arrest occurred, which could only be controlled by direct cardiac massage after re-thoracotomy. On the ®rst day after the operation, incomplete paraplegia below T3 was diagnosed.
Paraplegia after irradiation for Hodgkin's disease (n=3) In the 1960s and early 70s, the patients discussed in this paper were treated radiotherapeutically for lymphomatosis granulomatosa. X-ray (n=1) and telecobalt (n=2) irradiation were carried out. In all cases the typical symptoms of a radiation myelopathy 2 developed, which progressed from a hemilateral, mostly mordant, segmental paresthesia to symptoms similar to those of Brown-SeÂ quard syndrome, and ®nally to an incomplete para-or tetraplegia (cases 17 ± 19).
Paraplegia after peridural anaesthesia (n=1) A 57-year-old patient (case 20) suering from diabetes, developed a skin infection a couple of days after an epidural anaesthesia, which was locally treated. Nine days after the operation, after having suered from back pain, he showed signs of a transverse lesion below T5, which remained irreversible in spite of an immediate laminectomy and the removal of the epidural abscess.
Lumbosacral plexus lesion after umbilical artery injection (n=1) A bicarbonate-glucosis buer solution was injected into the umbilical artery of a neonate (case 21) because of postpartum asphyxia. A¯accid paralysis below segment L2 as well as cutaneous and fat necroses developed in the gluteal area.
Discussion
In accordance with the cases presented in this paper, Meinecke 3 reports of transverse lesions after surgical interventions at herniated discs, stenoses of the spinal canal, aortic aneurysms, and after angiography, spinal anaesthesia, and an intraoperative cardiac arrest. Out of 2500 patients of a paraplegia treatment centre, he names 43 cases which indicated iatrogenic causes of the lesions.
In our report we will give a description of the anatomic and physiological particularities of the spinal cord and explain the pathomechanisms of the dierent case groups.
Pathophysiology and blood supply of the spinal cord Vascular supply The spinal cord is mainly supplied by the great ventral artery which runs in longitudinal direction. It is supplied by the aorta and the vertebral arteries via segmental arteries which are arranged T6  T10  T8  T10  L5  T7  T5  L2  T11  T12  C4  T8  T5  T11  T7  T3  T8  C6  C8  T5 irregularly. The cervical supply is good, whereas the aux in the middle thoracic section is sparse.
Number and level of the segmental arteries dier individually. The lumbar area is often supplied by one large vessel, the Adamkiewicz artery. This strong artery usually communicates with the anterior spinal artery in the lower area of the thoracic cord from the left side. 4 Suh and Alexander 5 reported in 1939 that the anterior spinal artery represents an anastomotic chain of the branches of the anterior radicular arteries, resulting in dierent diameters. The smallest diameters can be found in the middle thoracic section. Corresponding to the fact that in most cases the lumbar myelon is only supplied from the great radicular artery, the branch of the anterior spinal artery running from the great radicular artery in distal direction always has a signi®cantly larger diameter than the branch running in cranial direction. 4 Blood¯ow physiology Due to the special arrangement and the dierent sizes of the supplying arteries, there are three main¯ow directions in the anterior spinal artery: (1) from cranial out of the vertebral arteries to distal up to the level of segment T3, (2) from the great radicular artery in cranial direction, (3) from the great radicular artery in caudal direction.
At the level of segment T4, two opposite¯ow directions converge. This leads to the formation of an area of terminal circulation with an increased risk of underperfusion. A further borderline of the arterial supply can form in the lumbar area if the great radicular artery branches o at a high level, and the lumbar radicular artery branches o at a low level. 7 
Mechanical (direct) damage
In the group of spinal surgery (laminectomy/vertebrotomy/spondylodesis) and the single description of a peridural abscess, there is an association between the area of treatment and the ensuing level of paraplegia. This becomes particularly clear in the case of decompressing spinal operations (cf. Table 3 ). In these cases the surgical measures were carried out in the immediate proximity of the spinal cord, and therefore a mechanical damage is most likely.
Laminectomy Laminectomy at a herniated thoracic disk, 9 tuberculous spondylitis, 10 deformity of the spine, and preoperative neurological symptoms 11 contribute to an increased rate of complications during and after laminectomy. The general risk of a complication during operations at the lumbar spine was estimated at 9.1% by Deyo et al 12 For mere laminectomy, especially in the case of a spinal stenosis, the risk increased to 13.9%, whereas complications arose in 19.0% of the spondylodeses without laminectomy and in 19.6% of the spondylodeses with laminectomy. Similar to patient 5 in our group, Valls et al 13 reported on a spinal cord compression by a previously asymptomatic arachnoid cyst after routine decompressive lumbar laminectomy for spinal stenosis. Schultz 14 disapproves of laminectomy as a therapy for lumbar spinal stenosis because of the insucient functional results and the remaining T4-8  T9-12  T5-9  T10  L5  T7 ± 9  T4-S1  T5-L4   T6  T10  T8  T10  L5  T7  T5  L2 Risk of paraplegia through medical treatment T Bacher et al pain. He favours posterolateral decompression. Herniations of a thoracic disk are very rare with an incidence of 1 : 100000. 15 Laminectomy in the case of a thoracic prolapse shows bad results. Ravichandran and Frankel 9 recommended costotransversectomy instead.
The risk of a neurological lesion after a laminectomy is increased in the case of a spine deformity, particularly in the thoracic area with formation of a gibbus. As early as in 1965, Risko and Novoszel 11 considered laminectomy to be contraindicated in this deformation, since the spinal cord, which is vulnerable and extended in the area of the gibbus, is exposed to the danger of irreversible damage. In addition, the statics of the already deformed spine is further weakened. Kessler and Leibe 16 preferred anterolateral decompression to laminectomy because of the greater proximity to the focus and smaller loss of stability.
Osteoarticular tuberculosis takes up the fourth position in the ranks of extrapulmonary tuberculoses. In this context, tuberculous spondylitis is the most common form of localisation of skeletal tuberculosis. 16 It can be predominantly found in the thoracolumbar transition segments. Non-speci®c bacterial inflammations occur most commonly in the distal lumbar segments. 17, 18 Tuberculous spondylitis can lead to spontaneous paraplegia. 19 42.5% of patients with cervical tuberculous spondylitis showed spinal cord compression. 20 The surgical standard for tuberculous spondylitis is decompression with removal of the focus, ventral reconstructive surgery and postoperative ®xation combined with further antibiotic therapy. 17, 21, 23 In addition it is possible to carry out a dorsal spondylodesis with instrumentation, which oers the advantage of an early mobilisation as opposed to the long postoperative rest in a plasterbed and/or a corset after ventral non-instrumented bone-chip blocking. 24 According to KroÈ del and StuÈ rz 17 there is an exceptional indication for dorsal decompression through laminectomy in the case of acute symptoms of transverse lesion and a bad general condition of the patient.
Scoliosis Performing a spondylodesis, in the case of scoliosis, degenerative or traumatic instability, there is a danger of mechanical damage of the spinal cord through implants or tractional and shearing forces. In the course of the correction of a scoliosis or kyphosis, disturbances of the vascularisation of the anterior spinal artery are to be discussed. In the case of standardised experimental traumas at the spinal cord, alterations of the spinal perfusion and the oxygen saturation or the oxygen partial pressure in the tissue could be detected. 25 ± 27 Alterations of the perfusion parameters caused by major tractional and shearing forces can be expected.
The incidence of paraplegia after surgical scoliosis therapy is estimated at less than 1%, in several case studies. Incidence rates diering only slightly between 0.12% and 0.72% are mentioned with the various techniques.
28 ± 30 Faciszewski et al 31 found an incidence of 0.2% for a complicating paraplegia in a review of 1223 thoracic and lumbar anterior spinal fusions.
Halo-traction involves the risk of a transverse lesion as well. 28 Wilkins and McEwen 32 detected in six out of 70 patients with halo-traction a lesion of a cranial nerve, which was fully reversible after the reduction of the tractional force. The abducent nerve was often aected. A correlation between the force applied and the neuroparalysis could not be proved.
Paralytic scoliosis did not show an increased operative risk of paraplegia compared to idiopathic scoliosis, which was proved by Leong et al 33 in 110 operated paralytic scolioses without complicating paraplegia. A possibility to recognise neurological damage during the operation is the intraoperative awakening test. 34 The intraoperative monitoring of somatosensory evoked potentials is considered more and more important. Alterations of the signal or loss of signal indicate a damage of the spinal cord. The causes, such as a ligature of an artery, an excessive correction of scoliosis, misplaced lamina retractors, transpedicular screws or a dorsally dislocated intervertebral spongiosa graft can be found and corrected. 35 ± 37 Good prognosis for a regression of the paralysis is achieved by reduction of the traction or quick removal of the instrumentarium. 29 Peridural anaesthesia The epidural abscess is only a part of the possible complications arising after peridural anaesthesia. Hematoma, unintentional dural puncture, massive subarachnoid injection and convulsions are more common. 38 A delayed paraplegia caused by a subdural hematoma 8 days after spinal anaesthesia was reported by Pryle et al 39 in a patient with perioperative intermittent low dose aspirin therapy. Because of a subdural hematoma after attempted spinal anaesthesia, a 72 year old woman suered from paraplegia below L3 12 h after surgery. Neurosurgical decompression could not lead to recovery. 40 Due to frequent delay between diagnosis and therapy of an epidural abscess there is a high mortality and a large number of patients with lasting damages. In 64% of the patients, staphylococcus aureus could be detected in the smear, and 60% of the patients showed a weakened immunity. 41 In a review of literature on epi-and subdural hematomas in spinal or epidural anaesthesia Schmidt 42 described the frequent peri-or postoperative administration of drugs in¯uencing blood coagulation. Although it is called an extremely rare complication, there is a relatively good prognosis if operative decompression is performed within 8 h after onset of paraplegia. The incidence of paraplegia as complication of peridural anaesthesia was estimated to be 0.01% by Usubiga et al. 43 
Disturbance of vascularisation (indirect damage)
Damage of the spinal cord due to disturbances of the vascular supply can be caused by temporary occlusion, lasting interruption or embolic occlusion of the supplying system. As a result of the peculiarities of the spinal blood supply presented in 4.1, the interruption of a segmental or radicular artery can already lead to a severe ischaemia of the spinal cord. Disturbance of the perfusion can also be caused by low blood pressure. The cases described in the following show a coincidence between the development of paraplegia and the disturbance of vascularisation or circulation. In the case of paraplegia after angiography an essential neurotoxic cause is to be discussed.
Angiography Until 1974, medullary incidents with paraplegia after an aortography or angiography were discussed in more than 100 cases. 44 The introduction of non-ionic low-molecular contrast media at the beginning of the 1980s reduced allergic reactions and neurotoxicity. In various case studies of brachiocephalic angiography, rates of neurologic complications up to 10% with the use of non-ionic contrast media and 12.2% with ionic contrast media were described. 45 For more than 700 angiographies of the aortic arch and of brachiocephalic vessels, Gross-Fengels et al 45 calculated a complication rate of 0.7% for persisting neurological de®cits. A rather more frequent cause of neurological complications at catheter angiographies seems to be catheter-embolism, further causes are summed up in Table 5 . Even in a coronary angiogram the complicating ischemic paraplegia below L1 was described by Otom et al. 46 In the case reports mentioned in this paper, a toxic damage at the localisation of the selective catheter in the great radicular artery is probable in one case (case 9). In view of the low neurotoxicity of today's contrast media, the loosening of a thromboembolic plaque o the catheter tip or the atherosclerotic lumen of the vessel is to be discussed in the second patient (case 10). In the third patient, apart from hypoplasia of the vertebral arteries, a combination of underperfusion, neurotoxicity and probably an allergic shock reaction to the plasma expander caused the neurological complications. This could explain the fact that the paraplegia did not occur until 4 h after the application of the contrast medium.
Bronchial artery embolisation The embolisation of bronchial arteries as a therapy for chronic hemoptyses, especially in patients with an increased operative risk, is a method described repeatedly in the literature. 47 ± 49 Spreading of sclerosing material with thrombosis of the anterior spinal artery is a wellknown risk. In two cases, Helenon et al 48 described monitoring of the anterior spinal artery via connections between the pathological bronchial artery and the supplying intercostal artery during a selective angiography performed before the sclerosing. Elsewhere, the complicating ischaemic colitis after bronchial artery embolisation is described. 50 Aortic surgery Aortic aneurysm Especially in the surgery of aortic aneurysms paraplegia is a feared complication. In 1959 Debakey et al 51 published an incidence of paraplegia of 5.5% after surgery for thoracic aortic aneurysms. In a survey of 1070 reconstructive procedures of the infrarenal aorta Tonz et al 52 reported an incidence of paraplegia of 0.19%. Comparable incidences were reported by Gloviczki et al 53 in 1991 for operations on the abdominal aorta (0.3%). For elective surgery the incidence for ischaemic spinal cord injury was 0.1%, whereas the incidence for emergency aneurysm repair was 1.4% and for repair of occlusive disease 0.3%. In aortic surgery, paraplegia results from a ligature of segmental arteries and intraoperative aortic occlusion.
Aneurysm types I-III after Crawford, which correspond to a localisation between the descending thoracic part and the thoraco-lumbar transition area, are particularly at risk for paraplegia. For type II, a rate of paraplegia as high as 29% is given in the literature. 54 With regard to the time of aortic occlusion, Weimann et al 55 described 13 posttraumatic aneurysms, which were operated with an average time of occlusion of 38 min without neurological complications. Sandmann et al 54 generally consider In addition to measures which help to minimise the risk, such as extracorporal circulation with deep hypothermia, 56 doses of cytoprotective substances 54 or measuring and lowering of the cerebrospinal pressure, 57 special attention was directed to the reattachment of segmentary arteries to the vascular replacement.
Due to the particular physiology and the special relevance of the great radicular artery for the supply of the lumbar cord, the spinal artery was angiographically pictured before the operation. The corresponding segmental artery was inspected or re®xed in the course of the operation. The postoperative rate of paraplegia could thus be lowered. 58 ± 60 At an extended aneurysm, Miyagi et al 59 recommended the reimplantation of as many segmental arteries as possible under extracorporal circulation and segmental occlusion of the arteries (clamp and repair). Special attention was put on segmental sequential repair to minimise the duration of ischaemia to any given vascular bed by Frank et al. 61 Sandmann et al, 44 however, criticised that none of the previously applied methods was able to give intraoperative information about the situation of the spinal cord. Therefore they monitored spinally evoked potentials during the operation, which showed three reaction types to aortic occlusion according to the degrees of collateral supply. A high risk of paraplegia was ascribed to patients who showed a loss of spinally evoked potential 8 ± 15 min after the occlusion. By means of intraoperative spinal neuromonitoring it was possible to immediately judge the eect of the reinsertion of segmental arteries and to connect further segmental arteries to the interposition if necessary. The authors reported a lowering of the paraplegia rate from 11% to 2% by this method combined with the medication of prostaglandin E 1 to prevent ischaemia.
Coarctation of aorta At an aortic stenosis the danger of a spinal ischaemia after the occlusion of the aorta appears to be smaller, since in the course of the illness an extensive collateral circulation via the anterior spinal artery has developed. The incidence of paraplegia in 5492 operations for coarctaction in Great Britain was 0.3%. 62 In this case, intraoperative hypotony represents a problem. Distal to the stenosis, which means in the lumbar spinal cord as well, the blood pressure is up to 30% lower than the proximally registered values. 63 Therefore Wada et al 57 recommended intraoperative measuring of the blood pressure in the distal aorta and obtaining the pressure in the cerebrospinal liquid. In surgery for coarctation as well, intraoperative neuromonitoring is a very useful method, as required by Keen in 1987 62 in combination with electromanometric display of the aortic blood pressure in all patients. 65 called paraplegia an unpredictable complication of multifactorial origin in aortic and cardiac surgery. Postoperative hypotension is the reason for most of the cases with delayed paraplegia, which have been reported to occur from 1 ± 21 days after surgery. Neuronecroses, particularly in the anterior horn of the spinal cord, were found in a histological examination of the spinal cord of children, who were resuscitated after a cardiovascular arrest but then died. 66 Rodewald et al 67 mentioned eects of extracorporal circulation and hypothermia on the cerebral autoregulation and microembolisms as main causes of neurological complications in cardiac surgery. Kindt 68 described the corresponding mechanism of autoregulation for the spinal vessels. Judging from the level of paraplegia in the area of terminal circulation, a hypotonic-ischaemic myelomalacia is probable in the case at hand.
Radiotherapy A distinction is made between`acute transitory radiation myelopathy' and`chronic progressive radiation myelopathy'. 69 The ®rst is reversible, the second shows a latency period of several months. The reason for this are alterations of the vessels such as obliterating endangiitis or perivascular sclerosis or hyalinosis. A lesion of the vessels in the area of terminal circulation is considered the cause of the relatively frequent occurrence of thoracic lesion levels at cervico-thoracic irradiation. If very high radiation doses are applied, damages of nerve cells can be detected after a short time. 2, 70, 71 In the 1950's and 60's every stage of Hodgkin's disease was treated radiotherapeutically. In the clinical stage (CS) I/II it was possible to achieve good results, the results in CS III/IV were not satisfactory. In consequence, primary chemotherapy had been developed. Today patterns with a mantle ®eld or extended mantle ®eld are used according to further subclassifications. In the period of time that is covered by this report, a large number of involved ®eld irradiations were run. The results of low-dose primary chemotherapy with local irradiation are currently being examined. 72 Judging the spinal dose level involves diculties, since several factors play a role. The ®eld and area of irradiation, fractionation, duration of treatment, and the total dose have to be considered. At the present time, a spinal dose of more than 45 ± 50 Gray (Gy) is considered an unacceptable risk. The diculty involved in establishing an exact minimum dose can be seen in a case study by Dunst et al 73 A spinal dose of 45 Gy at a conventional fractionation with individual doses of no more than 2 Gy should provide sucient protection against radiomyelitis. In the case study, a radiomyelitis occurred within a latency of 6 months after a spinal maximum dose of 45.8 Gy.
Hyperfractionated irradiation, what means an irradiation twice a day with 1.8 Gy each, is considered the reason for this. The short fractional intervals seem to overtax the repair mechanisms taking place in the spinal cord.
Glanzmann and LuÈ tolf 72 give a maximum spinal dose of 38 Gy when only radiotherapy is applied, and 36 Gy when additional chemotherapy is applied. If all these regulations are followed, radiomyelopathy involves a rather low risk. As a complication of radiotherapy it numerically ranks behind solid secondary tumors and Non-Hodgkin's lymphomas.
Compared to the early 1960's, progress in irradiation techniques, the establishment of a therapeutical plan, and the sensitivity of the fractionation lowered the risk of serious alterations of surrounding tissue.
Umbilical artery injection Until 1962 more than 40 lesions of the lumbrosacral plexus after erroneous injection into the umbilical artery had been described. 74 The injection of a buer solution into one of the umbilical arteries of a new-born child can lead to lesions of the lumbosacral plexus, as in new-born children the solution reaches the inferial gluteal artery via the internal iliac artery. A large part of the lumbosacral plexus is supplied by the inferior gluteal artery. Apart from a lesion of nerves, cutaneous and fat necroses in the gluteal area and the lower limbs are among the typical consequences. In 1993 again two cases of neonatal¯accid paraplegia after umbilical artery catheterisation were reported by Munoz et al. 75 
Conclusion
Some of the reasons of iatrogenic paraplegia discussed in this paper have become avoidable, due to progress in science. Particularly in radiotherapy and in angiography the risk of neurological complications has been lowered. The risk of paraplegia in vascular surgery can be minimised by segmentary occlusion of small sections of the aorta, reattachment of ligatured segmental arteries to the interposition and spinal neuromonitoring.
In vascular and in spinal surgery, intraoperative monitoring of spinally and cortically evoked potentials has attained signi®cance for the early recognition of damages to the spinal cord. Thus it is possible to intervene in the reversible phase of spinal cord damage. The knowledge of possible paraplegic complications is necessary in surgical or diagnostic procedures, even in procedures distant from the spinal cord. Although paraplegic complications have a very low incidence they involve severe consequences. Therefore paraplegic complications should be a part of the operative permit in elective surgery and diagnostic or therapeutic procedures named in this report. The necessity of the procedure has to be closely proved.
